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Rhizobium forms symbiotic relationship with leguminous crops and is recommended for use in various legumes. 
Rhizobium sp. fix atmospheric nitrogen and make it available to legumes through formation of root nodules. Rhizobium 
biofertilizer production is carried out mostly by using semi-synthetic microbiological medium which forms major expense 
of this activity. Successful commercial production of biofertilizer can be enhanced by use of natural substrates, as molasses, 
cheese whey, corn steep liquor, for bacterial biomass production. The present work centers around the use of sugarcane 
molasses as a source of fermentable sugars. It was supplemented with various organic/inorganic nitrogen sources, chemical 
compounds to increase biomass yield and to increase the shelf life of the product thus prepared. Compliance to Fertilizer 
Control Order specifications was demonstrated in wet lab analysis. 
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Biofertilizer is defined as a substance which contains 
living microorganisms that when applied to the seed or 
soil, colonizes the rhizosphere or the inner part of the 
plant and promotes growth by increasing the supply or 
accessibility of primary nutrients to the host plant
1
. 
They contain bacteria and fungi as bioinoculants to 
improve chemical and biological characteristics of soil 
and agricultural production
2
. Being inexpensive and 
eco-friendly, the use of biofertilizers promotes the 
sustainability of agriculture and protects the 
environment from pollutants
3,4
. Rhizobium is an 
agriculturally important bacterium, helps in nitrogen 
fixation in the root nodules
4,5
. Inoculation with 
Rhizobium also improves soil fertility
6
. Biomass 
generation is a crucial activity of biofertilizer 
production. Microbial biomass is generally produced 
by using semi-synthetic media which increases the cost 
of production. Success of commercial production can 
be enhanced by using natural substrates as growth 
medium to reduce the cost of biomass production. 
Molasses is a viscous, dark and sugar rich product of 
sugar extraction from the sugarcane
7,8
. It contains 
sucrose (32%), glucose (10.5%), fructose (8%), 
nitrogen (0.98%) and has a pH of approximately 6.0
9
. 
Molasses is a good source of carbon, energy and 
fermentative sugars
10,11
. In the present investigation, 
molasses selected as a natural substrate for mass 
multiplication of Rhizobium sp. biofertilizer due to its 
easy availability and high sugar content. 
 
Materials and Methods 
 
Chemicals and glassware 
Analytical grade chemicals (Molychem) and 
standard laboratory glassware were used in the 
present investigation.  
 
Microbial culture used 
Rhizobium sp. was procured from the Department 
of Microbiology, Punjab Agricultural University, 
Ludhiana. It is recommended for use as biofertilizer in 
Mungbean crop. 
 
Proximate analysis of composition of molasses 
The molasses used in the present study was procured 
from local market and also Budhewal Industries, 
Ludhiana (an undertaking of SUGARFED, Government 
of Punjab). Since the composition of molasses varies 
depending upon method of sugar extraction, efficacy of 
the process, etc. so the proximate analysis of molasses 
was done periodically throughout the time period of the 
study. Proximate analysis i.e. moisture content, pH, 
TSS, sugar and nitrogen estimation were done to 
elucidate the composition of molasses. Sugar content 
was estimated by standard Dubois method with no 
modifications
12
. Nitrogen content of molasses was 
estimated according to Kjeldahl method
13
. Total 
Soluble Solids (% TSS) in molasses was determined by 
using handheld Refractometer. 
—————— 
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Optimization of molasses concentration to support growth of 
Rhizobium sp. 
Molasses was chosen to serve as a principle carbon 
source and base in the preparation of natural medium. 
Molasses of different concentration i.e. 2.5%, 5%, 
7.5%, 10%, 12.5%, 15%, 20%, 30%, 40%, 50% (w/v) 
was prepared. pH was adjusted to 6.2-6.5 with the help 
of 0.1N NaOH. After sterilization, it was inoculated 
with 7% (v/v) of metabolically active cultures of 
Rhizobium sp. which contained a total of 10
8
 to 10
9
 
cells. Molasses containing inoculum of Rhizobium sp. 
was incubated for 72-96 h at 30°C. Post incubation, 
appropriate dilution of the molasses was plated on 
YEMA medium to obtain total viable count of 
Rhizobium sp. growing in it. It was compared to the 
count obtained in the chemically defined medium used 
for growth of Rhizobium sp. i.e. YEMA (Yeast Extract 
Mannitol Agar). Standard microbiological method, 
pour plating, was used for enumerating viable cell 
count of Rhizobium sp. throughout the study. 
 
Supplementation of molasses based medium 
Molasses alone does not support appreciable 
growth of biofertilizers as evidenced by the results of 
experiment outlined in 2.4. Molasses does not contain 
sufficient amount of nitrogen to support bacterial 
growth as demonstrated by the results of proximate 
analysis of molasses. Supplementation with nitrogen 
sources was thus necessitated. These nitrogen sources 
were selected keeping economy of production in 
mind. Molasses was supplemented with both organic 
and inorganic nitrogen sources i.e. yeast extract, beef 
extract, peptone, gelatin, ammonium-sulphate and 
urea and these formulations were designated as M1, 
M2, M3, M4, M5 and M6 medium, respectively. 
Rhizobium sp. is propagated in Yeast Extract 
Mannitol medium which contains 1 g/L yeast extract. 
Yeast extract of the commercial packing used in the 
study contained 10% available nitrogen (Molychem). 
This was used as point of reference. The amount of 
nitrogen supplements used in the present investigation 
was commensurate with the total nitrogen present in 
chemically defined YEMA medium. YEMA medium 
also contains dipotassium hydrogen phosphate which 
provides buffering action, magnesium sulphate which 
is essential for the growth of Rhizobium and sodium 
chloride which maintains the osmotic equilibrium of 
the organism. Since no component of molasses 
extends these benefits so these chemicals were added 
to the molasses-based medium in an amount equal to 
that present in YEMA. Additionally, molasses was 
also supplemented with potassium iodide (@ 0.2 g/L) 
to prevent mold contamination. It was then sterilized 
and inoculated with 7 % (v/v) metabolically active 
culture of Rhizobium sp., as explained earlier. It was 
later incubated at both ambient and low temperature. 
Four specifications are important for compliance to 
Fertilizer Control Order (2016) which governs quality 
of biofertilizers marketed in India. Total viable count 
and pH are the most important specifications. They 
were recorded fortnightly. Two other specifications 
include, absence of contamination and nodule forming 
ability. Absence of contamination was ensured by use 
of aseptic techniques. Nodule forming ability of this 
strain has been demonstrated in previously conducted 
field trials which merited its recommendation by 
Punjab Agricultural University, Ludhiana for use as 
bio-inoculant in Mungbean. 
 
Results 
Molasses was procured in batches from Budhewal 
Industries, Ludhiana and also local markets. 
Proximate analysis was performed for every batch 
procured. The results are presented in (Table 1). 
There was variation in sugar content among three 
batches of molasses (28%, 53.6% and 49.2%) which 
is probably due to the method of extraction of sugar, 
efficacy of the process, variety of sugarcane used, etc. 
Nitrogen content, percent moisture, Brix and pH did 
not differ greatly, recording between 0.54-0.61%,  
14-16%, 86-88 and 4.4-4.6, respectively. In previous 
studies conducted by various authors, molasses has 
been reported to contain 43% sugars, 27% moisture 
content and 79.5 Brix. Protein content of cane 
molasses can vary between 3 to 10.6% depending 
upon origin, processing and variety of sugarcane
14
. 
Molasses has been reported as acidic in nature and 
can have 70% organic substances which include  
35-55% sugar and 15-25% non-sugar substances
15
. 
According to the research carried out for poly-lysine 
production by using molasses, it has been reported 
that molasses contains 32% sucrose, 10.6% glucose, 
8% fructose, 0.98% of nitrogen and pH of 6.0
9
. 
Initial step in formulation of molasses based 
natural medium for biomass generation of Rhizobium 
sp. was to determine the concentration of molasses 
 
Table 1 — Proximate analysis of molasses 
S. No. Components Batch 1 Batch 2 Batch 3 
1.  % Moisture 15.3 14.2 16.1 
2.  % Sugar 28.0 53.6 49.2 
3.  % Nitrogen 0.54 0.57 0.61 
4.  pH 4.42 ± 0.2 4.57 ± 0.2 4.53 ± 0.2 
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which would form the base of the natural medium. 
Consequently, Rhizobium sp. was inoculated and 
incubated in different concentrations of molasses  
(2.5 to 50% w/v). Results of total viable count of 
Rhizobium sp. cells obtained post inoculation and 
incubation in different concentrations of molasses i.e. 
2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 20, 30, 40 and 50% 
(w/v) are presented in (Table 2). Total viable count of 
Rhizobium sp. recorded was 5.30 and 4.30 log cfu in 
40% and 50% (w/v) molasses, respectively, compared 
to 7.48 log cfu in YEMA, an under performance of 
approximately 29% in 40% (w/v) molasses. 
Accordingly, 40 % (w/v) of molasses was selected to 
form base of the molasses based medium. 50% (w/v) 
molasses yielded lesser cell count compared to  
40% (w/v) molasses. Moreover, ease of operation and 
miscibility of molasses in water was also taken into 
consideration. Un-supplemented molasses evidently 
lacks growth factors and nitrogen.  
Subsequently, 40% (w/v) molasses was 
supplemented as explained in 2.5 and used for 
propagation of Rhizobium sp. The results of total 
viable count of Rhizobium sp. in M1, M2, M3, M4, 
M5, M6 and YEMA medium are presented in ambient 
temperature and low temperature (Fig. 1). High viable 
cell count must be delivered to the plant to maximize 
benefit of application of bacterial biofertilizer. All six 
 
 
 
Fig. 1 — Total viable count (log cfu) of Rhizobium in molasses based medium incubated at (A) Ambient temperature; and  
(B) Low temperature 
 
Table 2 — Growth of bioinoculants in different concentrations of 
molasses and YEMA 
S. No. Concentration of  
molasses (%) 
Rhizobium spp.  
(log cfu/mL) 
1 2.5 - 
2 5.0 - 
3 7.5 - 
4 10.0 - 
5 12.5 - 
6 15.0 - 
7 20.0 - 
8 30.0 2.84 
9 40.0 5.30 
10 50.0 4.30 
11 YEMA broth 7.48 
(-) = Not Detected 
 
GARCHA et al.: PRODUCTION OF RHIZOBIUM BASED BIOFERTILIZER 
 
 
381 
media (M1, M2, M3, M4, M5 and M6) supported 
appreciable growth of Rhizobium sp. After over four 
months of ambient temperature incubation, total viable 
cell count of 11.48 log cfu/mL of Rhizobium sp. was 
recorded in M6 medium which was 91.86% of the 
biomass obtained in YEMA medium in the same time 
period (12.48 log cfu/mL). Viable cell counts 
obtained in M1, M2, M3 and M5 media were 
comparable, 10.3 log cfu/mL to 11.3 log cfu/mL. 
Least cell count was obtained in M4 medium i.e.  
9.48 log cfu/mL which was 75% of that obtained in 
YEMA medium (12.48 log cfu/mL). Similar results 
were obtained with low temperature incubation. M6 
medium yielded total viable count of 11.3 log cfu/mL, 
91.98% of that obtained in YEMA medium,  
12.3 log cfu/mL. Among other media, least cell count 
of 9.3 log cfu/mL was attained in M4 medium. 
Organic nitrogen supplements, namely, yeast extract, 
beef extract, peptone and gelatin performed 
appreciably though not at par with M6. Among 
inorganic supplements, least advantage was extended 
by ammonium sulphate. Thereafter, statistical 
techniques were utilized to extrapolate the total viable 
cell count for a time period for twelve months. It 
revealed that the viable cell count would be nearly 
mathematically same as the cell count obtained in 
chemically defined YEMA medium. In this context, it 
is important to mention that aseptic techniques are 
vital for obtaining cell biomass of the desired 
organism and also to prevent contamination. pH of 
this natural molasses based medium did not exhibit 
significant change throughout the time period of 
incubation. pH recordings varied between 6.5-6.8. 
 
Discussion 
Increase in awareness about biofertilizers warrants 
use of a cost-effective substrate for the bacterial 
biomass generation. This activity can be enhanced by 
the use of natural medium instead of chemically 
defined microbiological medium for biomass 
production technology. It comprises three important 
steps: (1) Strain development, (2) Upscaling of 
biomass and (3) Inoculant preparation. It is generally 
endorsed that product, free from contaminants  
and having a microbial load of approximately  
1 X 10
8
 log cfu/mL cells (liquid biofertilizer) and  
5 X 10
7
cfu/g (solid carrier based biofertilizer) be used 
to give optimum results of plant growth promotion in 
recommended crop. Focus is required to obtain soil 
and crop specific strains and to make them easily 
available to production units for the up scaling of 
biomass in industries. Appropriate procedures with 
cost effective calculation of biofertilizer production 
and marketing, especially at small scale level in rural 
areas has not been developed to attract industrialists 
to adopt biofertilizer technology as agribusiness
33
. 
A variety of agricultural and industrial by-products 
such as pea husks, molasses, water hyacinth, malt 
sprouts, paddy straw, cheese whey, waste water 
sludge, pulp of the coffee, saw dust, carrot and many 
more agricultural residues have been used for biomass 
production
16-20
. These byproducts act as growth 
factors, carbon source and nitrogen source for 
bioinoculants and are used for the production of 
different bacteria, yeast and fungal cultures. Utility of 
molasses as natural medium is very well documented 
in literature. It has been used for microorganisms like 
lactic acid bacteria, yeast, Bacillus spp. Pseudomonas 
fluorescens P35 and Bacillus subtilis B3
21-26
. Besides, 
being good carbon source, molasses also contains 
minerals, organic compounds, vitamins that are 
important in the fermentation process. Molasses was 
used as a growth medium for high cell mass and lactic 
acid production by Lactobacillus salivarius L29
27
. 
Sugarcane molasses were used successfully for spore 
production of fungi Beauveria bassiana (Balsama)
28
. 
Two fungi Isaria fumosorosea and Isaria farinose 
were also grown successfully on agro-industrial 
molasses and rice broth (liquid fermentation) for 
conidia production
29
. Rice supplemented with 
molasses (10 g/L) and yeast extract (3 g/L) generated 
highest conidia for mycoherbicide production using 
fungal pathogens viz. Cochliobolus lunatus and 
Alternaria alternate was also reported
30
. Molasses 
medium has also been used for mass multiplication of 
entomopathgenic fungi Beauveria brongniartii 
(Saccardo) Petch, Beauveria bassiana (Balsamo) 
Vuilemin and Metarhizium anisopliae
31
. 
Rhizobium sp. has also been reported to be 
propagated in molasses by various workers. 10% to 
100% sugar waste i.e. molasses based cultivation 
medium was optimized and compared with lab 
medium for the production and growth of Rhizobium 
trifolii MTCC 905 which was found to be maximum 
at 10% level of molasses
32
. Use of molasses and 
baker’s yeast as source of carbon and nitrogen, 
respectively, has been described as suitable natural 
medium for biomass generation of Rhizobium 
leguminosarum bv phaseoli. Its nodule forming ability 
was found to be significantly higher than that of cells 
generated in chemically defined medium
33
. Rhizobium 
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meliloti MTCC 100 yielded appreciable biomass 
when inoculated and incubated in 10% molasses
34
. 
Anaerobic digest of molasses and corn straw 
successfully supported the growth of Rhizobium 
radiobacter F2 as evidenced by increased production 
of bio-flocculant by the organism
35
. The present 
investigation was undertaken to formulate cost-
effective molasses based natural medium composition 
for biomass generation of Rhizobium sp. 40% (w/v) 
molasses containing sugar content between 50-55% 
supported optimal growth as deduced from the results. 
Growth of Rhizobium spp. was found to be 
significantly higher in 40% (w/v) molasses, 
supplemented with urea (M6 medium) and other 
chemicals of YEMA medium, as compared to other 
media i.e. M1, M2, M3, M4 and M5. Use of molasses 
in excess of 10% (w/v) as reported in other studies 
was pursued intentionally for increased shelf life of 
the finished product. Bacterial strain used in this study 
has demonstrated its ability to grow well at both 
ambient and low temperature. This trait largely 
addresses problem of storage and transport of the 
product. Cost-effectiveness of use of molasses for 
biofertilizer production was examined. Cost of 
molasses was approximately R 150/q in 2017-18 
(personal communication with SUGARFED, 
Government of Punjab). At 400 g/L is its cost worked 
out to be approximately R 0.6/L. Urea was added at 
the @ 0.05 g/L, the cost of which was calculated to be 
less than one rupee. In YEMA medium, average price 
of 10 g of Mannitol added to one litre of YEMA is  
R 27 and yeast extract added @ 1 g/L is expected to 
add R 4/L to cost of YEMA. Use of two key 
ingredients, molasses and urea reduced the cost of 
production of liquid molasses based biofertilizer 
significantly. It is pertinent to mention that other 
ingredients as dipotassium hydrogen phosphate, 
magnesium sulphate and sodium chloride were added 
to molasses based medium in an amount equal to that 
present in YEMA. The finished product is under field 
trials, for Mungbean crop, with collaboration from 
Department of Plant Breeding and Genetics (Pulses 
Section) at Punjab Agricultural University, Ludhiana.  
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